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Nonlinear magneto-optical resonances on the hyperfine transitions belonging to the D2 line of 
rubidium were changed from bright to dark resonances by changing the laser power density of the 
single exciting laser field or by changing the vapor temperature in the cell. In one set of experiments 
atoms were excited by linearly polarized light from an extended cavity diode laser with polarization 
vector perpendicular to the light's propagation direction and magnetic field, and laser induced 
fluorescence (LIF) was observed along the direction of the magnetic field, which was scanned. A 
low-contrast bright resonance was observed at low laser power densities when the laser was tuned to 
the F g = 2 — > F e = 3 transition of 87 Rb and near to the F g = 3 — > F e = 4 transition of 85 Rb. The 
bright resonance became dark as the laser power density was increased above 0.6mW/cm 2 or 0.8 
mW/cm 2 , respectively. When the F g = 2 — > F e = 3 transition of 87 Rb was excited with circularly 
polarized light in a second set of experiments, a bright resonance was observed, which became 
dark when the temperature was increased to around 50°C. The experimental observations at room 
temperature could be reproduced with good agreement by calculations based on a theoretical model, 
although the theoretical model was not able to describe measurements at elevated temperatures, 
where reabsorption was thought to play a decisive role. The model was derived from the optical Bloch 
equations and included all nearby hyperfine components, averaging over the Doppler profile, mixing 
of magnetic sublevels in the external magnetic field, and a treatment of the coherence properties of 
the exciting radiation field. 

PACS numbers: 42.50.Gy,32.80.Xx,32.60.+i 



I. INTRODUCTION 

When laser fields create a A-system, coherences be- 
tween the two lower states can be manipulated by mag- 
netic fields to give rise to resonances. When two sepa- 
rate radiation fields act as the "legs" of the A-scheme, 
one speaks of electromagnetically induced transparency 
(EIT) [TJ [2] or electromagnetically induced absorption 
(EIA) [3]. However, the A-system can also be created 
by a single radiation field when the two lower levels are 
different magnetic sublevels of the same state. In this 
case, one often refers to the phenomenon as a nonlinear 
magneto-optical resonance, which can be bright or dark, 
as the absorption at zero magnetic field represents a local 
maximum or minimum, respectively. Recently, attention 
has been focused on the conversion of EIT to EIA as a 
function of the properties of the pump field, such as po- 
larization [3] and laser power density [SHB] ■ In this work 
we describe the conversion of a bright nonlinear magneto- 
optical resonance to a dark resonance as a function of the 
laser power density of the single optical field and the tem- 
perature. A change from bright to dark with increasing 
laser power density had been observed before in the ce- 
sium Di transition [9], but could not be reproduced by 
the theoretical model. Another measurement for the ru- 
bidium D2 transition found that the contrast of a bright 
resonance peaks rapidly at low laser power densities and 
then decreases with increasing laser power density, but 
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never becomes a dark resonance [TU] ■ Elsewhere the tem- 
perature dependence of the contrasts of bright and dark 
resonances in the D\ transition of sodium was investi- 
gated, but no change from bright to dark resonance was 
observed [TT]. In the present study the change from bright 
to dark resonance as a function of laser power density 
was observed and could be described with good agree- 
ment by a theoretical model based on the optical Bloch 
equations. In addition, for circularly polarized exciting 
laser radiation, a bright resonance at room temperature 
was observed to become dark at elevated temperatures. 

Dark, nonlinear magneto-optical resonances were first 
observed in cadmium vapor by Lehmann and Cohen- 
Tannoudji in 1964 [T2]. Much later in 2000, Dancheva 
et al. observed bright resonances [13] . in which the laser 
induced fluorescence (LIF) as a function of magnetic field 
has a maximum at zero magnetic field. It was shown 
based on theoretical considerations that dark resonances 
should be expected for linearly polarized exciting radi- 
ation when the total angular momentum of the ground 
state F g is greater than or equal to the total angular mo- 
mentum of the excited state F e (F g > F e ), while a bright 
resonance should be expected when F e > F g [9J HU [15] . 
In order to calculate the signals from nonlinear magneto- 
optical resonances, models based on the optical Bloch 
equations were developed. In 1978, Picque used a model 
based on the optical Bloch equations to describe dark 
resonances in a beam of sodium atoms at D\ excita- 
tion [IB]. In 2002 Andreeva et al. investigated non- 
linear experimental magneto-optical resonances using a 
model based on the optical Bloch equations that took 
into account all neighboring hyperfine transitions and 
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averaged over the Doppler profile and laser beam tran- 
sit time distribution [17] . Around the same time, the 
F g = 4 — > F e = 3, 4, 5 transition of cesium was observed 
to be bright when the laser power density of the excit- 
ing radiation was 30 mW/cm 2 , but dark at a laser power 
density of 600 mW/cm 2 . In that case, the theoretical 
model was not able to reproduce this change, possibly 
because it was limited to the cycling transitions [S]. In 
time, detailed frameworks suitable for numerical integra- 
tion were developed (see, for example, [HI [19]). Detailed 
agreement between theoretical and experimental signals 
for nonlinear magneto-optical resonances were presented, 
for example, in [2"U1 121) . 

Although basic theoretical considerations suggest that 
for linearly polarized exciting radiation, resonances 
should be bright when F e > F g and dark when F g > F e 
nevertheless the shape of real resonances depends also on 
other experimental parameters. Working with two coher- 
ent laser fields, Kim et al. observed the conversion of EIT 
to EIA as a function of the coupling laser power in the 
D\ line of rubidium |S]. Other groups have also studied 
the influence of coupling laser power on EIT and EIA in 
different systems and for different polarizations of the co- 
herent fields (i .v 22 . Brazhnikov et al. have studied the 
effect of the polarization of counterpropagating fields on 
EIT and EIA [4]. Even a small change in the ellipticity 
of one of the fields can change EIT to EIA. In the case of 
nonlinear magneto-optical resonances with a single laser 
field, it was observed that a dark resonance can become 
bright when the laser frequency is changed by only a few 
hundred MHz [2TJ- 

In this work, we report that when a single, linearly po- 
larized laser field was tuned to the F g — 2 — > F e = 3 
transition of 87 Rb and the F g = 3 — > F e = 4 transition 
of 85 Rb, bright resonances became dark when the laser 
power density was increased. In the case of circularly 
polarized excitation, the bright resonance became dark 
at higher temperatures. For sufficiently small tempera- 
tures, where reabsorption effects were not significant, ex- 
perimental measurements were reproduced by theoretical 
calculations. The sensitivity of the resonances' shapes to 
the experimental parameters provided a stringent test of 
the theoretical model. 



II. EXPERIMENTAL DESCRIPTION 

Figure [T] shows the level scheme of the D 2 line of rubid- 
ium. Note that the 85 Rb hyperfine transitions are essen- 
tially unresolved under the typical Doppler broadening at 
room temperature, which has a full width at half max- 
imum (FWHM) of approximately 500 MHz, while the 
87 Rb hyperfine transitions are partially resolved. 

The geometry of the excitation in the experiment is 
given in Fig. [2] The exciting laser radiation was lin- 
early polarized with polarization vector perpendicular to 
the magnetic field and to the propagation direction of 
the radiation. For some experiments, a Thorlabs achro- 
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FIG. 1. Hyperfine level structure and transitions of the D2 
line of rubidium. 




FIG. 2. Experimental geometry. The relative orientation 
of the laser beam (exc), laser light polarization (E exc ), mag- 
netic field (B), and observation direction (obs). Circularly 
polarized light could be produced by means of a A/4-plate. 



matic A/4 plate was inserted after the linear polarizer to 
produce circularly polarized radiation in the cell. The 
observation direction was parallel to the magnetic field. 

The laser was an external cavity diode laser. The 
temperature of the box and the diode were stabilized 
by Thorlabs TED200 temperature controllers, and the 
current was controlled by a Thorlabs LDC205B current 
controller. The laser frequency was stabilized manually, 
and the frequency drift during a typical data-taking run 
was typically around 10 MHz or less. The wavelength 
was monitored by a HighFinesse WS-7 wavemeter. A 
Thorlabs BP104-VIS beam profiler was used to measure 
the beam diameter, which was taken to be the full width 
at half maximum of the intensity distribution. The cell 
was a 25 mm long pyrex cell with optical quality win- 
dows filled with natural rubidium and produced by Top- 
tica, A.G. The laser radiation entered the cell through 
a Glan-Thompson polarizer. A combination of neutral 
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density niters and a polarization rotator before the po- 
larizer was used to select various laser power densities. 
The laser induced fluorescence (LIF) was focused onto 
a Thorlabs FDS100 photodiode and amplified. Signals 
were recorded by an Agilent DSO5014A oscilloscope. 

The cell was located at the center of a three-axis 
Helmholtz coil. Two coils were used to compensate the 
ambient magnetic field. The residual magnetic field was 
estimated to be less than 10 mG. The third coil was used 
to scan the magnetic field along the z-axis as indicated 
in Fig. fusing a bipolar BOP-50-8-M power supply from 
Kepco. In order to find the appropriate current for the 
field compensation, the polarization vector of the laser 
beam was rotated parallel to the z-axis and the mag- 
netic field was scanned along the z-axis while the current 
in the compensating coils was adjusted in order to elim- 
inate the magneto-optical resonance that appears when 
the field is not compensated. The cell was at room tem- 
perature, except for those experiments that investigated 
the temperature dependence, when the cell was heated 
with hot air. The air was heated some distance away from 
the cell to avoid stray magnetic fields from the heating 
currents. The temperature was measured with two ther- 
mocouples near the cell, though the thermocouples were 
removed during the measurements as they were slightly 
magnetized. 



III. THEORETICAL MODEL 

The atomic state was described by a density matrix p 
in the £, F, mp basis, with F denoting the total atomic 
angular momentum quantum number (that characterizes 
the hyperfine structure), mp, the respective magnetic 
quantum number for Zccman splitting and £, the com- 
bination of quantum numbers that are the same for the 
transition's ground (5Si/ 2 ) or excited states (5P 3 / 2 ). The 
fluorescence signal can be calculated from the part of the 
density matrix that describes the population and Zee- 
man coherences of the excited state p ei e - To do so, the 
optical Bloch equations (OBEs) that describe the time 
evolution of a density matrix were employed |23j : 



full Hamiltonian of the system is 



dp 



H,p 



ihRp. 



(1) 



We assumed that the interaction between the atoms and 
the exciting field was described in the dipole approxima- 
tion by the interaction operator V — — d • E(£). The 
electric field E(t) was treated as a classically oscillat- 
ing field with a stochastically fluctuating phase. As the 
energy shifts due to the magnetic field were small com- 
pared to the fine-structure splitting, the Hamiltonian of 
the atomic interaction with the magnetic field could be 
written as 

h 



Hr 



(gjj + gjl) B, 



(2) 



and expanded as shown, for example, in [23]. We denote 
the unperturbed atomic Hamiltonian as Hq, and so the 



H = Hn 



V. 



(3) 



The relaxation operator R in ([I]) consists of the sponta- 
neous emission rate, equal to the natural linewidth T of 
the transition and the transit relaxation rate 7, which 
comes about because the moving atoms spend a finite 
time in the laser beam. The rate of atom-atom collisions 
in our experimental conditions (vacuum cell at room tem- 
perature) were estimated to be at least two orders of mag- 
nitude less than the transit relaxation rate and therefore 
were neglected. 

The OBEs ^ were treated to obtain rate equations for 
the Zeeman coherences of the ground and excited states. 
The treatment included the rotating wave approxima- 
tion [25], averaging and decorrelation of the stochastic 
phase [25], and adiabatic elimination of the optical co- 
herences (see [19] for details). As a result the following 
rate equations were obtained: 



dp, 



<j an 



efc,e m 

^ {^e k g : jdg zek d ekgm Pg m g j + 



dt { ^ E - 9 



iuj Pg,g 3 " 7P 9l3j + T Ti9jP^i + XS (9^ 9 3) 

efcej 

(4a) 
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-lUip e 



(T + l)Pe 



(4b) 



In Q the Zeeman coherences of the ground and excited 
states are denoted by p gigj and p ei e^ respectively. Each 
term of the rate equations describes a well defined part of 
the atom-light interaction process. Thus, the first terms 



in both (4a) and (4b) describe the population increase 
and the creation of Zeeman coherences, and the second 
terms denote the population decrease and the destruc- 
tion of Zeeman coherences in the respective atomic state 
(ground or excited) due to the laser-induced transitions; 
d ei g. is the dipole transition matrix element between the 
ground state i and the excited state j [27], while S eiSj . de- 
scribes the rate of the atomic transitions induced by the 
exciting radiation and is defined below ([5]). The third 
term of equations (4| describes the destruction of the 



Zccman coherences 



oy the external magnetic field; u>ij is 



the splitting of the Zccman sublcvels. The fourth term 
describes the relaxation processes, and the fifth and sixth 



(absent in (4b)) describe the repopulation of the ground 
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state due to spontaneous transitions and "fresh" atoms 
flying into the region of the interaction. It was assumed 
that the atomic equilibrium density outside the interac- 
tion region is normalized to unity, and so A = 7. The 
transit relaxation rate was used as an adjustable model 
parameter and corresponds to the average time spent by 
the atoms in the interaction region. 

The interaction strength 3 ei9 . is given by 

Aw is the linewidth and Co is the central frequency of the 
exciting radiation, k^v is the frequency shift due to the 
Doppler effect. The value Hp is proportional to the Rabi 
frequency, which describes the coupling strength induced 
by the oscillating electric field between the chosen atomic 
states: 

<&=^W, (6) 

where ||g?|| is the reduced dipole transition matrix ele- 
ment, which is equal for all d^ elements in Eqs. Q. 
The Rabi frequency squared is proportional to the excit- 
ing radiation's power density with some proportionality 
coefficient k Rabi , 

I = k Ra bid% (7) 

and is used as an adjustable parameter that corresponds 
to the exciting radiation's power density. 

The experiments took place under stationary excita- 
tion conditions, for which the equations Q are valid. 

Thus P ^ 8j = P ^" J = and the differential equations 
Q were reduced to a system of linear equations that 
could be solved to obtain the density matrix components 
that describe the Zeeman coherences of both the atomic 
ground and excited states. From the obtained density 
matrix the fluorescence signal was calculated as 

I fl {e) = h £ dW*dW Pejek , (8) 

9i,ej,e k 

where Iq is a constant of proportionality. 

A summation over the different atomic velocity groups, 
associated to different v in ([5]), was performed to de- 
scribe the Doppler broadening of the transitions. When 
the density matrix and the fluorescence signal were cal- 
culated, we took into account all nearby hyperfine tran- 
sitions of both the ground and the excited state, repre- 
sented by different w eigj in ([5]). Atomic constants were 
taken from [24J 28: . Some parameters could not be deter- 
mined directly with certainty. Starting from reasonable 
estimates, these parameter values were varied in different 
sets of simulations in order to find the set of parameters 
that provided the best overall agreement between exper- 
iment and theory. We required the parameter values to 
be consistent for all measurements even if the agreement 



between theory and experiment for individual cases was 
not the best that could have been achieved by tailoring 
the parameters for each case. Thus, the laser linewidth 
was assumed to be Auj = 2 MHz. The proportionality 
constant kn a u between the laser power density / and 
the square of the Rabi frequency fi (7 = fc^abi^ 2 ) was 
^Rabi = 0.575 with the Rabi frequency given in MHz and 
the laser power density in mW/cm 2 . The relationship 
between the transit relaxation rate 7 and the laser beam 
diameter d was 7 = 0.0033/d with the transit relaxation 
rate in MHz and the laser beam diameter in cm. The 
standard deviation of the Doppler profile was assumed 
to be 216 MHz and it was sampled with a step size of 
less than 2 MHz during the averaging over the Doppler 
distribution. No additional background was subtracted 
beyond the background determined during the experi- 
ment by blocking the laser beam. 



IV. RESULTS AND DISCUSSION 

The fluorescence signals recorded as a function of mag- 
netic field usually showed two kinds of structure. One 
structure was broad, with a width on the order of sev- 
eral Gauss. This structure was caused by coherences in 
the excited state as well as by Zeeman sublevels being 
shifted out of resonance with the laser. The broad struc- 
ture also tended to have a strong contrast, on the order 
of several percent or even tens of percent. In addition to 
the broad structure, it was also possible to observe nar- 
row features, centered around zero magnetic field, with 
widths on the order of several hundred milligauss. These 
resonances are related to the destruction of coherences 
in the ground state as a magnetic field breaks the degen- 
eracy of the magnetic sublevels. The features were also 
very small, with contrasts from a fraction of a percent to 
a few percent. (We defined the contrast of the narrow 
structure with respect to the estimated zero-field value 
of the curve corresponding to the larger structure.) Our 
study was focused on these narrow resonances and the 
way their contrast and even their sign depended on the 
laser power density and temperature. Thus, in the re- 
sults that follow, only a narrow range of magnetic field 
is shown. 

Figure [3] shows the LIF intensity as a function of mag- 
netic field for various values of the power density of 
the exciting laser radiation with the laser tuned to the 
F g = 2 — > F e = 3 transition of 87 Rb. The laser beam di- 
ameter was 2.1 mm. This transition could be expected to 
be bright because F g < F e . Indeed, a very weak bright 
resonance with contrast on the order of 0.3% was ob- 
served when the laser power density was 0.14 mW/cm 2 . 
However, as the power density of the exciting laser ra- 
diation was increased, the bright resonance disappeared 
and became dark for laser power densities greater than 
about 0.6 mW/cm 2 . At a laser power density of 2.9 
mW/cm 2 , the contrast of the dark resonance with re- 
spect to the intensity at the inflection point of the larger 
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structure was about 2%. The resonances appeared to 
be somewhat narrower in the calculations than in the 
experiment. The reason for this discrepancy was most 
likely a residual transverse magnetic field on the order of 
a few milligauss. It should also be pointed out that the 
model made the simplifying assumption that the laser 
power density was constant over the laser beam width, 
whereas in reality there was a distribution of laser power 
densities. Nevertheless, given the subtle nature of the ef- 
fect, the agreement between experiment and theory was 
acceptable. 

The theoretical model unambiguously reproduced the 
change from a bright to a dark resonance for laser power 
densities above / = 0.4 mW/cm 2 . In order to under- 
stand the effect qualitatively, one must keep in mind that 
Doppler broadening allows the laser to excite the neigh- 
boring F g — 2 — > F e — 2 transition, and so the observed 
signal is the result of a superposition of the bright res- 
onance at the F g = 2 — 5- F e = 3 transition and the 
dark resonance at the F g = 2 — > F e = 2 transition. 
The contrast of dark resonances increases significantly 
with power up to a certain point, while the contrast of 
bright resonances is less sensitive to power (see, for ex- 
ample, [501 HI])- Therefore, at low power, the bright 
resonance contrast is stronger than the contrast of the 
distant dark resonance, but at higher power, the dark 
resonance drowns out the bright resonance. 

Fig. [4] shows magneto-optical resonances obtained near 
the F g = 3 — > F e — 4 transition, but with the laser 
detuned by 200 MHz in the direction away from the F g = 
3 — > F e = 3 transition. A bright resonance was observed 
at very low laser power densities. Similar to the case of 
the F g = 2 — > F e = 3 transition of 87 Rb, the resonance 
became dark for laser power densities greater than 0.8 
mW/cm 2 . When the laser was tuned directly to the F g = 
3 — > F e = 4 transition of 85 Rb, no bright resonance was 
observed even for laser power densities as low as 0.14 
mW/cm 2 . The reason was probably the influence of the 
strong dark resonance at the nearby F g = 3 — > F e = 
3 transition, which could be excited for some velocity 
groups of atoms. Power broadening may also have played 
a small role in exciting this nearby transition. Even if the 
Fg = 3 — > F e = 3 transition was excited only weakly, 
it could easily overwhelm the bright resonance at the 
F g = 3 — !• F e = 4 transition. The laser beam diameter 
for this series of measurements was 2.1 mm. 

Figure [5] shows the fluorescence signals obtained at the 
Fg = 2 — > F e = 3 transition of 87 Rb at various vapor 
temperatures and for circularly polarized excitation. The 
elevated temperatures were achieved by conducting hot 
air around the cell as described in Section [II] As the tem- 
perature was increased, the contrast of the bright reso- 
nance decreased until the bright resonance disappeared 
at around 40°C. At higher temperatures, a dark reso- 
nance was observed, and its contrast grew with increasing 
temperature. The change from bright to dark resonance 
at high temperatures was probably related to reabsorp- 
tion. With each reabsorption cycle, information about 



the original coherent atomic state is lost. Unfortunately, 
our theoretical model does not include reabsorption ef- 
fects at this point. Similar measurements were made for 
linearly polarized light (see Fig. [6]). In that case, although 
the contrast of the dark resonance decreased with tem- 
perature, it never changed sign. 

Our theoretical model does not include effects that be- 
come important at elevated temperatures, such as reab- 
sorption. Thus, the change from bright to dark of the 
resonance at the F g = 2 — > F e = 3 transition of 87 Rb 
excited by circularly polarized light could not be repro- 
duced by our model. Nevertheless, the model could be 
checked against the results at room temperature. 

Fig.[7|shows measured and calculated signals for bright 
resonances obtained by exciting the F g = 2 — > F e = 3 
transition of Rb with circularly polarized laser radia- 
tion at various laser power densities. The rubidium vapor 
was at room temperature. The change in temperature is 
accompanied by a change from bright to dark resonance 
with contrasts on the order of six percent, much larger 
than in the case of linearly polarized excitation. The the- 
oretical calculations show somewhat narrower resonances 
than the experiment. However, the large contrast is de- 
scribed well, and even the agreement between experiment 
and theory for the broad structure is better than in the 
case of the small bright resonances observed under linear 
excitation. Again, the model's idealization of the laser 
beam profile should be kept in mind. 



V. CONCLUSION 

Nonlinear magneto-optical resonances in the hyperfine 
transitions of the D2 line of atomic rubidium have been 
studied under excitation by a single laser field. When 
the exciting laser radiation was linearly polarized, bright 
resonances were observed at the F g = 2 — > F e = 3 
transition of 87 Rb and at the F g = 3 — > F e = 4 transi- 
tion of 85 Rb when the laser power density was very low. 
However, as the laser power density was increased above 
0.6 mW/cm 2 or 0.8 mW/cm 2 , respectively, these bright 
resonances became dark. The effect was described by a 
theoretical model based on the optical Bloch equations, 
which took into account all nearby hyperfine transitions, 
the mixing of magnetic sublevels in the external mag- 
netic field, the coherence properties of the laser radia- 
tion, and the Doppler broadening. The parameter values 
in the model that could not be measured precisely were 
adjusted once for the entire set of measurements. These 
parameters were the coefficient relating transit relaxation 
rate to the laser beam diameter, the coefficient relating 
laser power density to the squared Rabi frequency, and 
the laser linewidth. 

In the case of circularly polarized excitation of the 
F g = 2 — > F e = 3 transition of 87 Rb, a bright reso- 
nance was observed at room temperature, but this bright 
resonance became dark as the vapor temperature was in- 
creased. The change might be related to reabsorption 
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FIG. 3. Bright and dark resonances for various laser power densities with the laser tuned to the F g — 2 — > F e = 3 transition 
of 87 Rb for linearly polarized exciting laser radiation with a beam diameter of 2.1 mm. Markers represent the experimental 
results, whereas the solid line represents the results of calculations. The final panel shows the contrast of the narrow resonance 
referenced to the estimated background due to the broad structure at zero magnetic field. 



effects. 

The ability of the model to describe subtle effects, such 
as the change from bright to dark resonances in a sys- 
tem whose hyperfine structure was not resolved under 
Dopplcr broadening confirmed that the model is an ad- 
equate tool for studying nonlinear magneto-optical reso- 
nances in spite of its simplifying assumptions about the 
transit relaxation time and the laser power density distri- 
bution. However, the ability to change a bright resonance 
into a dark resonance by increasing the temperature sug- 
gests that in the future reabsorption effects should be 
included in the model. 
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FIG. 4. Bright and dark resonances obtained at various laser power densities near the F g = 3 — > F e — 4 transition of Rb. 
The laser was detuned from the exact transition by 200 MHz in the direction away from the F g — 3 — > F e = 4 transition for 
linearly polarized exciting laser radiation with a beam diameter of 2.1 mm. Markers represent the experimental results, whereas 
the solid line represents the results of calculations. The final panel shows the contrast of the narrow resonance referenced to 
the estimated background due to the broad structure at zero magnetic field. 




FIG. 5. Dark and bright resonances obtained at various vapor 
temperatures at the F g — 2 — > F e = 3 transition of 87 Rb 
for circularly polarized excitation at a laser power density 
of around 0.28 mW/cm 2 . Experimental measurements are 
shown. The curves for 21°C and 36°C overlap. 



FIG. 6. Dark resonances obtained at various vapor temper- 
atures at the F g = 2 — > F e = 3 transition of 87 Rb for lin- 
early polarized excitation at a laser power density of around 
1 mW/cm 2 . Experimental measurements are shown. 
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FIG. 7. Bright resonances obtained at various laser power densities for circularly polarized excitation of the F g = 2 — > F e = 3 
transition of 87 Rb. Markers represent the experimental results, whereas the solid line represents the results of calculations. 
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